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ELECTROPRODUCTION EXPERIMENTS AT JEFFERSON LABORATORY 
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Abstract. The collaboration of the Experimental Elementary Particle Group (EP PG) of the Bucharest 
University (UB) with Hampton University and Jefferson Laboratory started in 1995. Results on the 
following subjects have been obtained: the value of the ratio of longitudinal and transverse cross section 
and the evaluation of the K' fonnfactor, the induced and transfered value of the polarization of the lambda 
hyperon, the detection of the bound levels of the hypemucleus A 12 B. All these results are unique 
regarding the accuracy and statistics. The paper presents the results and their impact on the future thematics 
of the laboratory. Proposals of experiments with the participation of the Romanian group have been 
approved and will run in the following years at Jefferson Laboratory. 
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1. INTRODUCTION 

The electron beam on fixed target experiments at SLAC and DESY have been abandoned in 1975. 
The crucial results on proton structure obtained at SLAC in 1970 fully justified the interest of these first 
experiments. Unfortunately, the differential cross sections for hadron production obtained at these 
accelerators had large statistical errors due to the small beam intensity and, the lack of polarized beam and 
target did not permit the study of the hadron polarization. Consequently, new electroproduction experiments 
with high precision, high statistics and polarization facilities were necessary in order to test the new 
theoretical trends in quantum cromodynamics. One of the main goals of a intennediate energy electron 
facility was the systematical study of nuclear and hypemuclear physics. 

The continuous electron beam accelerator produced the first physics results at the beginning of 
1995. A new upgrade of the accelerator to higher energies (12GeV) was proposed for the following years 
It is expected that the results of these experiments are likely to significantly change the way we think about 
nuclear physics and the strong unperturbative limit of QCD (7] 

We discuss in the following, the results obtained in Hall C at Jefferson Laboratory experiments in I 
which the Bucharest University has been part of the collaboration . i 

2. EXPERIMENTAL SET - UP. 

The standard detection system in Hall C at Jefferson Laboratory consists of two highly nexible 
electromagnetic spectrometers with medium resolution and relatively large momentum and angular 
acceptances (fig I) , The High Momentum Spectrometer( HMS ) is capable to analyze high momentul11 
particles (up to 7, 5 GeV/c). The Short Orbit Spectrometer has a large momentum acceptance but its 
maximum central moment is around 1.7 GeVlc, 

Momentum resolution is 0 pip = 0, 04 % for the HMS and O. I % for SOS . Both spectrometers 
have angular resolution of about 2-3 milliradians. Particle identification ( ID lis performed by dettctor 
packages which consist of two drift chambers. two sets of x-y scintillators, a gas Cherenkov detector and a 
shower counter. 

The HMS identifies electrons out ofn' at a level of 99,8 % and SOS separates kaons from 
protons and pions at a level of 1/800. 

These characteristics of the spectrometers combined with the high quality of the electron beam 
(QF= I ) are ideal for the study of differential cross sections in exclusive reactions with strange particle 
production such as : 

e + p ~ e' + K' + 11.0 (ko ) 

Using unpolarized and po larized electron beam we can separate transverse and longitudinal cross 
sections and induced and transfered polarization of the hyperon and compare these data wi th different 
theoretical models or extract the kaon form-factor out of longitudinal cross section. 

These results have been obtained for the fi rst time at Jefferson Laboratory with high accuracy 
The large acceptance of the SOS spectrometer was used for detecting in coincidence K + and 

protons from the II. decay and measure, from proton asymmetries, the hyperon polarization which could 
not be measured in other experiments. 

A modification of the Hall C standard detection system was used to in vestigate hypernuclear states 
with high resolution. This method leads to results, which could not be obtained in hadron induced 
experiments. In order to obtain hypemuclear states, reactions with very small momentum transfer have been 
used , that is: 

e + I~C ~ e' + 12 A B + K' 

in which the scattered electrons are detected at zero degrees with low momenta (300 MeV /c ) . 
The HMS spectrometer has been replaced by HNSS spectrometer (shown in fi g. 2 ). 

A "Split Pole" magnet deviates the electrons and focalizes them in the detector plane . The detector 
for electrons was in the first version of the experiment E89 -009 a silicon strip detector (SSD ) with I00 ~m 
spatial resolution. The trigger is given by a coincidence of a K + in SOS arm with an electron in a 
hodoscope array beh ind the SSD. With about 100 picoseconds resolution time, one can avoid a lot of 
background given by bremsstrahlung of scattered electrons. 

Due to the still high background , an update of the detection system has been proposed and 
approved , which would increase 3 times the resolution of the missing mass spectrum and suppress the 
background up to 101 times. 

An increase in the SOS spectrometer resolution has been obtained wi th a HKS (high resolution 
kaon spectrometer). The missing mass spectrum has about 300 keY resolution, being abl e to separate the 
bound states of the hypemuclei of intermediate mass ( 28 Si, 51 V , 89y ), The experimental set upgrade is 
shown in fig. 3. The main improvements are in a higher yields ofhypernuclei by using electron detection 
angle of zero degrees and kaon detection angle close to zero degrees. To avoid the bremsstrahlung and 
hadron background, the electron momentum should be low ( I. 8 GeV I c ), the electron detection plane is 
tilted at 2. 25 degrees and the electron silicon detector is replaced by a drift chamber with very thin walls . 

The momentum resolution achieved is about 10-4 which gives a binding energy resolution of about 
300 keY . The signal to background ratio would be a factor of 10 higher than that obtained in the E89-009 
experiment. 

3. PHYSICS BACKGRO UND 

a. iVhy slmnge pari ide eleclroproduclion ? 

Lepton -nuclei scattering is an important tool for invest igating nuclear structure . The leptonic part 
of the interaction is well kn own, described by quantum electrodynamics (QED ) and very we ll veri fied 
experimenta lly. Only the lowest order process is taken into consideration (one photon exc hange ), due to the 
smallness of the electromagnetic coupling constant ( a = 1/ 137). At intermediate energies the weak 
interaction contribution is to be neglected, the electromagnetic coupling constant being orders of magn itude 
higher than the weak one. 

Nuclear target contribution is expressed in nuclear response functions. I n one hadron 
electroproduction with polarized beam the differential cross section is wri tte n as: 
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where h is the electron helicity in the ult rare lati vist ic limit for a longi tudina lly polarized beam. 
Ounpol is independent on the electron polarization. Opol can be obtained in a separated fo rm by using cross 
section difference for h'" + I - I. 

In one virtual photon approximation the virtual photoproduction different ial cross section can be 
separate d: 

d Ja day 
, , f-. 

dE" dD.,.dn K dn K 

(2) 

where: 

W 2a (. _ Mp2r= - ·-. ._ ._ 
27[2 Ec 2Mp Q2 1-t; (3) 

is the virtual photon flux , Eo ' E, ' are the incident and scattered electron energies , W is th e invariant Illass 
of the hadronic syst em . Mp is the target mass and 0 2 is the squared four momentum transfer to th e electroll. 
E is the transverse polarization of the virtual photon: 

- I 1 21ql2 t ()" t; = + - an ­
q2 2 (4) 

q2= _Q2, q is the three mOJllentu~~ J~ctor of the virtual photon, , is the electron scattel'ing C1llglc ill 
the laboratory SystUi, 

cia 
~ is now expressed as a sum of response functio ns which depend on the angles ()( and ¢k orthedo. k 

detected kaon and the hadron polarization. 

A complete experiment (beam and target polarized) can determine 36 response functions (sec [31 

and reference [I ] therein) 


In order to avoid a very complicated separation we used some features of th e C' .pcrilll cnt to cxtrilct 
part of the respon se functions . 

I. In the first experiment with unpolarized beam and no hypero n polarization detected, the 
diffe ren tial cross section has only four terms: 

da ( [ de +1)] 12L 
--< = a , + t;a , + t;CQ S 2¢ JU 1/ + -- cos¢a (5 )udO" 2 

Or is the transverse pan of virtual photon-proton interaction 

Ch is the longitudinal part 
011 is the transverse-transverse interference term 
OLr is the longitudinal -transverse interference term. 

The Or , 0L separation is possible using the Rosenbluth separation technique. Integrating over ¢ 
between 0 and 2 IT in relation (5) we separate the first two teml S. Or and 0 1 are functions on the invariants 
Q1 , Wand t : ( q-K )" (q , K are lhe four vectors of the virtual photon and kaon ). The integration has 

been allowed by the uniform experimental coverage in ¢ on a small region in t at a gi ven Q2 and W . 

In order to perfor m the 0L lOT separation, plots of ° r + £ °L as a fun ct ion of virtual photon 
polarization, E, have been fitted wi th straight lines [5 ] (fi g. 4). The ratio R'" OL lOr obtained for 
differen t Q} values is compared with previous data and two theoretical models in fig. 5. 

The R val ue falling down for hi gh 02is con firmed with much sma ller errors in disagreement wi th 
the predictions of the Saghai model. 80th models are strongly dependent on coupling constants and 
fonnfactors obtained by phenomenological fits of the pre vious world data (which are scarce). 

Having 01 as a function oft we can try a Chew Low extrapolation technique for the extraction of 
the kaon forillfactor . In fact the success of such an extrapolation de pends on a large number of data at 
small t values , the m,, ' pole bei ng far from the physical region. Our data are for t between - O. 4 and 
- O. 2 (GeV/c)' and the 0' values in a small range (02= O. 75 - I (GeV/c)2) fact which makes difficult the 
extraction of the cutoff parameter in the formfactor formula. 

1 
J<:2(Q" )= (_ Q2] (6) 
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The error in t\K' is about 20 % or more . 

2. The large acceptance of the SOS spectrometer gave us the possibility to detect simultaneously 
(30 ns coincidence time) the K' and the decay proton out of the t\ - hyperon decay. en the other side by 
combining the time of night with Cherenkov informations, a very good p - K' discrimination was 
achie ved. 

A Monte Carlo simulation program [3] showed that decay protons are registered with kaons in the 
sa me solid an gle at a rate of about O. 01 S· I, whik the kaon rate is about O. 3 S·I . The selection ofa very 
small coinc idence window which is necessary to eliminate part of the background makes the experiment 
tedious, especially for low values of the /\ polarization . 

A test on the t\ induced polarization in an unpolarized beam experi me nt has been performed [2]. 
Fig. 6 shows the first result of the /I. induced po larizat ion and some theoretical predictions. Eve n 

with such big statistical errors, the result eliminates the first vector resonance model of Williams et al 
(WJC I ) Much bigger statistics at higher K' angles are required in order to decide about polarization 
model predictions. 

Another experiment with electron polarized beam has been approved at Jefferson Laboratory to 
measure the transfered t\ hype ron polarizat ion us ing the same method . 8y measuring the cross section 
il veraged on ¢ for electron helicities + / - I, we can obtai n the polarization part, Opol 

t\ hyperon polari zation h ~s three components (fig. 7 ): longitudinal , transverse and normal , along 
I. t. n vectors. For about 1000 - 3000 even ts, the simulation program computed an error in asymmetry of 
o 03 to 0.018. Therefore, we have the possibility to measure polari zat ions between 0.3 and 0 5 

h. JVhilf ('till l\'e learn/i-olll hypel'l1l1c1ear eleclraproducliol1? 

Hypernuclei structu re an d /I. -nucleon interaction can be studied in (IT' , K ) an d \ e, e' K' ) 
rCi\crions. The last reaction has the advantage ofa very good resolution which permits the separation orthe 



nuclear shells beyond the p sheil from light to intermediate hypemuclei as well as spin -orbit splittings of 
the A sheils, 

The spectra of A hypemuclei studied for intermediate nuclei in ( n+ , K+) react ions were 
interpreted in terms ofa A bound in a Woods-Saxon density- dependent potential but the poor quality of the 
spectra (resolution of 15 to 4 MeV ) could not emphasize the core excited states or spin -dependent A N 
interaction, 

Hypemuclear spectroscopy coupled with gamma ray spectroscopy can give much more 
information about the interaction potential but until now the hypemuclear spectroscopy cou ld not attain in 
the (n+ , K') reactions a better resolution . 

The first experiment of the collaboration measured the A binding energy spectrum with a 
resolution of 800 keY, A preliminary result is given in fi g, 8, A bound state of nucleus ,, 12B at - II MeV 
is seen, other peaks are buried in the background fluctuations, 

4. CONCLUSIONS. 

Electroproduction of strangeness from protons and nuclei can provide many interesting results 
about the strange components of protons, strange particle form factors, hyperon - nucleon interactions inside 
the nuclei, The first results obtained at Jefferson Laboratory revealed many interesting features oCtile 
interactions which promoted new theoretical models, It seems that the nuclear physics at intermediate - high 
energy would be one of the most productive in the direct exploration of the quark gluon structure ofhadrons 
and nuclei, 
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FIGURE CAPTIONS 

Fig, I, The Standard Spectrometric System in Hall C' Hrv1S and SOS 
Fig, 2, HNSS Spectrometer for E89 -009 experiment 
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Fig. 7. The coordinate systems for the polarization vectors 


